Introduction
In the Northern hemisphere the breeding season of the mink begins in late February-early March and lasts about 4 weeks. Under farm conditions the first matings take place early in March and, in the case of females mated before mid-March, it is standard practice to re-mate them after 7 or 8 days, often with a further mating the following day, if obtainable, so that individual females may be mated 2, 3 or even 4 times. The only certain way of determining whether a female mink will mate is by trial with one or more active males; up to 30% of those tried may refuse to mate on any one day and a small proportion, 1-3%, usually remains unmated even after being tried on many occasions.
Ovulation is normally induced by the coital stimulus; estimates of time of ovulation vary from 36-37 h post coitum (p.c.) (Hansson, 1947) to 42-52 h p.c. (Enders, 1952) , with wide variations, h, existing between and within individuals . Chang (1968) reported that ovulation occurs 35-40 h after the injection i.p. of 90 i.u. hCG. According to Enders (1952) ovulation may also result from only brief contact with a male not involving seizure or intromission, and eggs have been recovered consistently from paired but unmated mink (Adams, 1973) . In once-mated mink the eggs enter the uterus 8-9 days p.c. at the early blastocyst stage (Hansson, 1947) .
Mating behaviour and the anatomy of coitus in the mink have been described by Hansson (1947) and Enders (1952) respectively. Copulation is normally prolonged, lasting on average about 1 h, but varying from a few minutes to several hours; it can be interrupted at any time (Hansson, 1947) . Pregnancy may result from intromission as brief as 2 min if preceded by
In a series of 27 twice-mated mink which had 2 sets of corpora lutea, fertilized eggs from the first mating were found in only 2 animals at autopsy 37-50 h after the second mating (Hansson, 1947) . Hansson considered that the mating itself did not lead to the destruction of the eggs because other females which had not ovulated to the second mating all had fertilized eggs in the oviducts. He concluded that the "eggs must be ejected through the cervix in connection with the second ovulation". By using genetic markers to establish the paternity of offspring, it has been estimated that 8-8-12-5% may survive from the first mating when there is an interval of at least 6-9 days between matings (Johansson & Venge, 1951; Shackelford, 1952; Bowness, 1968) .
The purpose of the present work was (1) to determine the fate of eggs from the initial mating with particular reference to ovulation, including that induced by treatment with hCG, and the duration of coitus, and (2) to examine, relative to whether previously mated, the ovulatory response of paired but unmated mink, some of which were treated with hCG.
Due Fig. 4 ). In addition, 96 eggs attributable to the ovulation associated with mating were recovered from the uterus plus 1 egg from one oviduct. The 2 mink which were kept to term produced 5 and 4 young after gestations of 58 and 61 days. Thus, hCG-induced ovulation did not lead to expulsion of the eggs derived from an earlier mating. 0-1(0-1) 7-5(3-11) 6-2(5-11) 0-5(0-2) 1978/1980 13 or 14 6 3 0 6-7(3-10) 9-2(6-12) 0-3(0-2) Group C Twelve farm mink (Dalchonzie) which had been recorded as 'unmated' were killed on 31 March 1979. They had been tried with 1 or 2 males during the period [11] [12] [13] [14] [15] [16] March, some (N = 4) on only 1 day and the others on 2 consecutive days.
In 8 of these unmated mink, corpora lutea (11-9 ± 1-2, range 6-17) were present 15-20 days after pairing and, in each case, eggs (7-4 ± 0-9, range 2-11) were recovered from the uteri, proving that ovulation had occurred. Of the 4 females which failed to ovulate, 2 had been paired once and the others on 2 consecutive days. All 8 of the hCG-treated mink and 11 of the 12 controls produced litters, averaging 8-75 ± 0-94 (range 5-13) and 8-90 ± 0-5 (range 6-11) young respectively after gestations of 51-1 ± 0-6 and 49-6 ± 0-6 days. As were placed with intact mdes and carefully observed for the start of copulation, which was interrupted after 5-6 min; they were killed 4 days later.
Corpora lutea (11-37 ± 0-98, range 8-16) were present in all the animals and eggs (9-25 ± 0-94, range 6-14) were recovered from each, proving that ovulation had occurred. Of the recovered eggs, 68 were located in the oviducts of 8 mink and 6 were from the uteri of 2 mink.
Examples of fertilized eggs are shown in PI. 1, Fig. 5 (Fig. 2 ) and 14-day blastocysts (Fig. 3) recovered from one oviduct and uterine horn respectively of a mink mated on 12 and 13 March, treated with hCG on 20 March and killed on 26 March. The unfertilized eggs, some of which are denuded whilst others are still in the corona radiata, are from the hCG-induced ovulation. Fig. 2, 140; Fig. 3 Some eggs, equivalent to 50% or more of the corpora lutea, were recovered from the uteri of dl 6 mink examined 1 or 2 days after the short mating. However, as the interval from the second mating to autopsy increased, so the numbers of eggs recovered from the uteri decreased, falling to zero in 2 out of 4 mink after 5 days and in dl mink after 6 days.
Group G. The results are presented in Table 2 . In the 12 mink examined 4-7 days after an uninterrupted second mating on Day 7, 4-9 eggs were recovered from the oviducts, indicating a normd number of ovulations in line with the counts of corpora lutea, which clearly represented 2 sets of ovulations. In the 2 mink examined 1 day after the Day-7 mating, the second ovulation had not had time to occur and the majority of the eggs from the first ovulation were still present in the oviducts while the remainder had passed into the uterus. Some eggs, equivalent to about 50% of the first set of ovulations, were recovered from the uterus 4 days after the second mating, whereas in 5 mink examined 1 day later only 2 eggs remdned in utero, and none was recovered after a further 2 days.
Overall fertilization
In 1976 the proportion of eggs fertilized was abnormally low (Group A: 15/40; Group B: 1/32) compared with that in 1978/80 (Group A: 10/11; Group B: 59/65).
In Groups E, F and G the proportions of eggs fertilized (final mating) were 23/74, 2/6 and 81/83 respectively.
Denudation ofeggs
Observations are available on eggs from 13 mink (Group B), which were autopsied 4 or 6 days after the treatment with hCG. Among the eggs recovered from the oviducts, the proportion denuded was no more than 23% (14/62) and 27% (7/26).
Discussion
The present results demonstrate that the level of stimulus required to induce ovulation in already mated mink is greater than in those being paired for the first time, the majority of which ovulated even in the absence of copulation. Although a short mating was fully effective in inducing ovulation on the first occasion (Group E), re-mating for 5 min on Day 7 (Group E) failed completely or partly (reduced number of ovulations) to induce a second set of ovulations, as did re-exposure to several males. Before implantation, the corpora lutea in mink appear histologically inactive (Hansson, 1947; Enders, 1952) and systemic plasma progesterone levels (<8 ng/ml = sensitivity of the assay) are similar to those in anoestrous mink (Moller, 1973) . Nevertheless, it would seem that the progesterone levels are sufficiently high to modify the induction of ovulation. In the rabbit, average plasma progesterone concentrations vary from 2 to 5 ng/ml before Day 5 (Singh & Adams, 1978 ) but a second set of ovulations cannot be induced by coitus (Hammond, 1925) although follicles capable of responding to hCG are present.
According to both Hansson (1947) and Enders (1952) , ovulation may occur in paired but unmated mink. Venge (1960) also observed, under experimental conditions, that 50% of unmated mink "showed signs of ovulation", but he concluded, on histological grounds, that the corpora lutea were probably "fdse" (corpora lutea atretica). The recovery of eggs from unmated mink, however, proves beyond doubt that ovulation does occur. Moreover, in the present study the numbers of corpora lutea were very similar in pdred but unmated mink (Group C) and in others mated for 5 min (Group E) which in turn were in close agreement with the results (11-95 ± 0-70) reported by Venge (1956) for 27 mated mink in which blastocysts were present at autopsy. In mink in which copulation was interrupted after 6, 12 or 24 min the mean numbers of corpora lutea were 12-2, 12-0 and 10-6 and of unovulated follicles 7-0, 5-1 and 3-9 respectively (Venge, 1956 ). The conclusion that prolongation of mating from 6 to 12 min caused more follicles to ovulate seems questionable, particularly as the follicle population at autopsy, 11 days p.c., is unlikely to have represented exactly that at mating.
In general, the present classification of the corpora lutea on the basis of their appearance was considered satisfactory and reliable, dthough there was doubt of their exact age and origin in some animals. Records of the numbers of eggs recovered from the" oviducts provided useful supporting data, particularly when assessing the second, younger set of corpora lutea. The particular problems involved in determining the origins of corpora lutea in the mink have been touched upon previously (Venge, 1956) . Presently, no explanation, other than natural variation, can be advanced to account for the differences between groups in the numbers of corpora lutea attributed to first matings (Table 2) .
To recover eggs, Hansson (1947) resorted to sectioning or "massaging" the oviducts because he considered flushing was impossible due to the "minute diameter" of the oviduct. Unfortunately, no details of the efficiency of these techniques were provided. In the present study, flushing proved quite feasible and satisfactory.
Given that failure to recover eggs from the uterus was due to their having been expelled, Hansson's (1947) (Bernatskii, 1971) , underline the need for mink breeders to control final matings very carefully.
In the present experiments, short matings generally resulted in higher levels of fertilization than those previously recorded (Venge, 1956) . In 1978 In , 1979 In and 1980 fertility was also high among the farm stock, whereas it was low in 1976 when unsatisfactory breeding results were recorded, the cause of which was not established.
The present observations on the denudation of eggs show that the process is particularly slow in unmated animals, in which more than 70% of tubai eggs were still invested with corona cells 4 and 6 days after treatment with hCG. On the other hand, in mated mink, Hansson (1947) implies that denudation is rapid, noting that "as a rule the egg is freed from the corona radiata already in the infundibulum", and that the passage of the egg through the first half of the tube is very rapid. In mated females examined 4 days p.c., the proportion of eggs denuded was positively correlated with the level of fertilization, as follows: 38, 59, 100 and 100% of eggs denuded and 0, 12, 53 and 100% fertilized respectively.
In mink which refused to mate, treatment with hCG consistently induced a normal complement of ovulations, indicating that the failure was not at the ovarian level: rather, a behavioural problem is implicated. The hitherto standard practice of 'trying' female mink at frequent intervals, e.g. every other day, exacerbates the problem and also increases the incidence of fighting and risk of injury. On the basis of the present findings, the recommended practice is to try femdes on Days 1 and 2 and then, irrespective of whether or not they mate, not to try again before Day 8 or 9, and thereafter, if mating has still failed to occur, as frequently as desired. This system is giving excellent results under farm conditions.
